PCT/USOO/29854 



PATENT COOPERATION TREATY 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 
(PCT Rule 61.2) 


To: 

Commissioner 

US Department of Commerce 
United States Patent and Trademark 

Office, PCT 

201 1 South Clark Place Room 
CP2/5C24 

Arlington, VA 22202 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/mo nth/year) 

23 August 2001 (23.08.01) 




International application No. 
PCT/USOO/29854 


Applicant's or agent's file reference 
310048-488WO 


International filing date (day/month/year) 

30 October 2000 (30.10.00) 


Priority date (day/month/year) 

29 October 1999 (29.10.99) 


Applicant 

AKHAVE, Jay, R. et al 



1 . The designated Office is hereby notified of its election made: 

I X| in the demand filed with the international Preliminary Examining Authority on: 
29 May 2001 (29.05.01) 

I I in a notice effecting later election filed with the International Bureau on: 



The election 



□ 



was 



was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 



The International Bureau of WlPO 


Authorized officer 


34, chemin des Colombettes 


Olivia TEFY 


1211 Geneva 20. Switzerland 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/IB/331 (July 1992) 



US0029854 



C py for the Elected Office (EO/US) 
MENT COOPERATION TRf TY 



PCT/USOO/29854 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 


To: 

ROSE, Alan, C. 

Oppenheimer Wolff 8t Donnelly LLP 
2029 rpnturv Park Fa<5t 

Suite 3800 

Los Angeles, CA 90067 


Date of maiiing (day/month/year) 

08 November 2001 (08.11.01) 


Applicant's or agent's file reference 
310048-488WO 


IMPORTANT NOTIFICATION 


International application Na 
PCT/USOO/29854 


International filing date (day/month/year) 

30 October 2000 (30.10.00) 



1. The following indications appeared on record concerning: 

X the applicant X the inventor | | the agent | [ the common representative 


Name and Address 


State of Nationality 


State of Residence 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 

X the person the name |^ the address the nationality the residence 


Name and Address 

LICON, Michael 
226 North Rock River Drive 
Diamond Br, CA 91765 
United States of America 


State of Nationality 
US 


State of Residence 
US 


Telephone No. 


Facsimile No. 


Teleprinter No. 


3. Further observations, if necessary: 

Addition of inventor and applicant for US only. 


4. A copy of this notification has been sent to: 
[X] the receiving Office the designated Offices concerned 
1 1 the International Searching Authority | X| the elected Offices concerned 
1 X[ the International Preliminary Examining Authority | | other: 



The International Bureau of WlPO 


Authorized officer 


34, chemin des Colombettes 


Anman QIU 


1211 Geneva 20, Switzerland 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/IB/306 (March 1994) 004439630 
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idi^TENT COOPERATION TR^tf Y 



PCT/USOO/29854 



From the INTERNATIONAL BUREAU 



PCX 

NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule 92bls.1 and 

/AarniniSLi ctii vc iiidLiudiono, oswiion **^4L.f 


To: 

ROSE, Alan, C. 

Oppenheimer Wolff & Donnelly LLP 
2029 Century Park East 
Suite 3800 

Los Angeles, CA 90067 
ETATS-UNIS D'AMERIQUE 


Date of mailing (day/month/year) 

08 November 2001 (08.11.01) 


Applicant's or agent's file reference 
310048-488WO 


IMPORTANT NOTIFICATION 


International application No. 

PCT/USOO/29854 


International filing date (day/month/year) 
30 October 2000 (30.10.00) 



1. 


The following indications appeared on record concerning: 

X the applicant | X| the inventor [ | the agent | | the common representative 


Name and Address 


State of Nationality 


State of Residence 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2. Th 
X 


e International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
the person | | the name - 1 . | the address [ { the nationality | | the residence 


Name and Address 

LICON, Michael 
226 North Rock River Drive 
Diamond Br, CA 91765 
United States of America 


State of Nationality . 
US 


State of Residence 
US 


Telephone No. 


Facsimile No. 


Teleprinter No. 


3. Further observations, if necessary: 

Addition of inventor and applicant for US only. 


4. 

1 
1 


A copy of this notification has been sent to: 

the receiving Office | | the designated Offices concerned 
1 the International Searching Authority | X| the elected Offices concerned 
X| the International Preliminary Examining Authority | | other: 



Thelntemati nal Bureau of WiPO 
34, chemin des Col nnbettes 
1211 Geneva 20, Switzerland 


Authorized officer 

Anman QIU 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 





Form PCT/IB/306 (March 1994) 004439630 - 



The demand must be filed directly with the conp&eru Intemational Preliminary Examining Authority or, if two or more Authorities are competent, 
with the one chosen by the appUcant The fidl name or two-letter code of diat Audiority may be indicated by the applicant on the line below: 

IPEA/JJS 



PCX 

DEMAND 

under Article 31 of the Patent Cooperation Treaty : 
The undersigned requests that the international application specified below be the subject of 
intemational preliminary examination according to the Patent Cooperation Treaty and 
hereby elects all eligible States (except where otherwise indicated). 



CHAPTER n 



Identification of IPEA 


Date of receipt of DEMAND 


Box No. I IDENTIFICATION OF THE INTERNATIONAL APPLICATION 


Applicant's or agent's file reference 

310048-488WO 


Intemational application No. Intemational filing date (day/month/year) 

PCT/US/OO/29854 30.October.2000 (30.1 0.00) 


(Earliest) Priority date (day/month/year) 
29.October.99 (29.10.99) 


Title of invention 

AN APPARATUS FOR HIGH-THROUGHPUT PRODUCTION OF COAT MATERIAL ARRAYS, 
AND ANALYTICAL METHODS USING SUCH ARRAYS 


Box No. II APPLICANT(S) 


Name and address: (Family name follow^ by given name; for a legal entity. Ml official desifftaHotu 
The address must include postal code and name of countiy.) 

(applicant, all designated states except the U.S.) 

Avery Dennison Corporation 

150 North Orange Grove Boulevard 

Pasadena, California 91 103 

United States of America 


Telephone No. 


Facsimile No. 


Teleprinter No: 


Applicant's registration No. with the Office 


State (that is, country) of nationality: 

us 


State (that is, country) of residence: 

' us 


Name and address: (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country.) 

(applicant and inventor)(U.S. only) 
AKHAVE, Jay, R. 
845 Pomello Drive. 
Claremont, California 91 71 1 
United States of America 


State (that is, country) of nationality: 

us 


State (that is, coimtry) of residence: 

us 


Name and address: (Family name followed by given name; for a legal entity, fitU official designation. The address must include postal code and name of country.) 

(applicant and inventor)(U.S. only) 

SAUNDERS. Dennis, L 

2059 Paseo Ambar 

San Dimas, California 91773 

United States of America 


State (that is, com try) of nationality: 

us 


State (that is, country) of residence: 

us 


1 1 Further applicants are indicated on a continuation sheet 



Fonn PCT/IPEA/401 (first sheet) (March 2001) 



See Notes to the demand form 



ELSfiS7a^00TUS 



Sheet No. .2. 



International application No. 

PCT/US/OO/29854 



Box No. in AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The following person is \X] ag«°^ CD representative . 

and CD appointed earlier and represents the applicant(s) also for international preUminary examination. 

I I is hereby appointed and any earlier appointment of (an) agent(s)/common representative is hereby revoked. 

I — I is hereby appomted, specifically for the procedure before the International Preliminary Examining Authority, in addition to 
— the agcnt(s)/common representative appointed earlier. 



Name and address: (Family name followed by given name; for a legal entity, fall official designation. 
The address must include postal code and name of country.) 

ROSE, Alan C. 

OPPENHEIMER, WOLFF & DONNELLY LLP 
2029 Century Park East, Suite 3800 
Los Angeles. California 90067-3024 
United States of America 



Telephone No. 

310.788.5030 



Facsimile No. 

310.788.5100 



Teleprinter No. 

arose@oppenheimer.co<na 



Agent' s registration No. with the Office 

17,047 



□ Address for correspondence: Mark this check-box where no agent or comrnon representative is/has been appointed and the 
space above is used instead to indicate a special address to which correspondence should be sent 



Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 



Statement concerning amendments:* 

1 . The applicant wishes the intemational preliminary examination to start on the basis of: 

the international application as originally filed 
the description \X} as originally filed 

I I as amended under Article 34 

the claims \X} as originally filed 

I [ as amended under Article 1 9 (together with any accompanying statement) 
I I as amended under Article 34 

the drawings \X} as originally filed 

I I as amended under Article 34 - j j 

with all responses to Invitations having been consxdered . 

2 . Q The applicant wishes any amendment to the claims under Article 1 9 to be considered as reversed. 

3 I — I The applicant wishes the start of the intemational preliminary examination to be postponed until the expiration of 20 months 
' — ' from the priority date unless the Intemational Preliminary Examining Authority receives a copy of any amendments made 
under Article 1 9 or a notice from the applicant that he does not wish to make such amendments (Rule 69. 1 (d)). (This check- 
box may be marked only where the time limit under Article 19 has not yet expired.) 
• Where no check-box is marked, intemational preliminary examination will start on the basis of the intemational application 
as originally filed or, where a copy of amendments to the claims under Article 19 and/or amendments of the mtemattonal application 
under Article 34 are received by the Intemational Preliminary Examining Authority before it has begun to drawup a written opmion 
or the intemational preliminary examination report, as so amended. 



Language for the purposes of international preliminary examination: ENGU SH , 

\y(\ vvhich is the language in which the intemational application was filed. 

I I which is the language of a translation furnished for the purposes of intemational search. 

I I which is the language of publication of the international application. 

I I which is the language of the translation (to be) furnished for the purposes of intemational preliminary examination. 



Box No.V ELECTION OF STATES 



The applicant hereby elects aU eligible States (that is, all States which have been designated and which are bound by Chapter II of 
thePCT) 

excluding the following States vyhich the applicant wishes not to elect: 



Fonn PCr/IPEAy401 (second sheet) (Mareh 2001) ^^'^ demand form 




Sheet No. .. . 



International application No. 

PCT/US/OO/29854 



Box No. VI CHECKLIST 



The demand is accompanied by the following elements, in the language rcfeired to in 
Box No. IV, for the purposes of international preliminary examination: 



1 . translation of international application 

2. amendments under Article 34 

3. copy {or, where required, translation) of 
amendments under Article 19 

4. copy (or, where required, translation) of 
statement under Article 19 

5. letter 

6. other (specify) 



For International Preliminary 
Examining Authority use only 





received 


not received 


sheets 


□ 


□ 


sheets 


□ 


□ 


sheets 


□ 


□ 


sheets 


□ 


□ 


sheets 


□ 


□ 


sheets 


□ 


□ 



The demand is also accompanied by the item(s) marked below: 

1. CSn fee calculation sheet 

2. Q original separate power of attorney 

3. n original general power of attorney 

4. Q copy of general power of attorney; 

reference number, if any: 



5. Q statement explaining lack of signature 

6. Q sequence listing in computer readable form 

7. oihQr (specifyy. 



Box No. VII SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 

Next to each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacity is not obvious from reading the demand). 



Alan C. Rose, Esq. 

OPPENHEIMER WOLFF & DONNELLY LLP 



For International Preliminary Examining Authority use only 



1 . Date of actual receipt of DEMAND: 



2. Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60.1(b): 



□ 



The date of receipt of the demand is AFTER the expiration of 1 9 months 
from the priority date and item 4 or 5, below, does not apply. 



□ The applicant has been 
informed accordingly. 



^ j— j The date of receipt of the demand is WITHIN the period of 19 months from the priority date as extended by virtue of 



Rule 80.5. 



^ CZl of receipt of the demand is after the expiration of 19 months from the priority date, the delay in arrival 



; EXCUSED pursuant to Rule 82. 



Demand received from IPEA on: 



For International Bureau use only 



Form PCT/IPEA/401 Oast sheet) (March 2001) 



See Notes to the demand form 



PCX 



CHAPTER II 



FEE CALCULATION SHEET 
Annex to the Demand 

l» For International Preliminary Examining Authority use only 



International 
application No. 



PCT/US/OO/29854 



Applicant's or agent's 

file reference 2^ 0048-488 WO 



Applicant 

Avery Dennison Corporation 



CALCULATION OF PRESCRIBED FEES 



I . Preliminary examination fee 



2. Handling fee (Applicants from certain States are 
entitled to a reduction of 75% of the handling fee. 
Where the applicant is (or all applicants are) so 
entitled, the amount to be entered at H is 25% of the 
handling fee.) 



3 . Total of prescribed fees 

Add the amounts entered at P and H 
and enter total in the TOTAL box 



MODE OF PAYMENT 



□ 


authorization to charge deposit 


□ 


cash 


account with the IPEA (see below) 






cheque 


□ 


revenue stamps 


□ 


postal money order 


□ 


coupons 


□ 


bank draft 


□ 


other (specify): 




AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT 
(This mode of payment may not be available at all IPEAs) 

IPEAJ 



I I Authorization to chaige the total fees indicated above. 

Bfl (This ch eck'boxmay be marked on ly if the conditionsfor 
deposit accounts of the IPEA so permit) Authorization 
to charge any deficiency or credit any overpayment in 
the total fees indicated above. 



US 



Deposit AccoimtNo.: 1 6-22230 



Date: 29.Mav.2001 



Name Alan C. Rose, Esq. 



Signamre: ^/ 04f /^/^ 



Form PCT/IPEA/401 (Annex) (March 2001) 



See Notes to the fee calculation sheet 



^^TENT COOPERATION TF^FY 



wo 01/3321 1 
PCT/USOO/29854 



PCT 

NOTICE INFORMING THE APPLICANT OF THF 
COMMUNICATION OF THE INTERNAT^nJil 
APPLICATION TO THE DEsIgnaTE?;^^^^ 

(PCT Rule 47.1(c), first sentence) 



Date of mailing (day/monthA'ear) 
10 May 2001 (10.05.01) 

Applicant's or agenf s file reference 
3 10048-488 WO 



International application No. 
PCT/USOO/29854 

Applicant 

AVERY DENNISON CORPORATION et al 



From the INTER NATIO NAI BUREAU 
To: " ■ ■ 



ROSE, Alan, C. 

?PPf Wolff & Donnelly LLP 

2029 Century Park East 
Suite 3800 

Los Angeles, CA 90067 
ETATS-UNIS D'AMERIQUE 



IMPORTANT NOTICE 

wutou.iu.uu) I 29 October 1999 (29.10.99) 



In accordance with Rule 47 1(c) th" h 
3. Enclosed with this Notice is a rnnw «f • " * 

REMINDER REGARDING CHAITER || (Amde 31(2)(a) and Rule 54 
REMINDER REGARDING ENTRY iNTnTuc 

For further important Information on the time, u > . designated or elected Office 




The International Bureau of WIPO 
chemin des Cofombettes 
1211 Geneva 20, Switzerland 



Facsimile No. (41-22) 740.1 4.35 
Form PCT/IB/308 (July 1996) 



Authorized officer 

J. Zahra 

Telephone No. (41-22) 338.83.38 



MAY 2 2 2001 



4001289 



PATEiSfT COOPERATION TREATY 



From the | 
INTERNATIONAL PRELlMIi 




EXAMINING AUTHORITY 



ALAN C. ROSE 

OPPENHEIMER WOLFF & DONNELLY LLP 
2029 CENTURY PARK EAST. SUITE 3800 
LOS ANGELES. CA 90067 


PCX 

WRri iEN OPINION 
(PCT Rule 66) 


D.ite of Mailing 
(day/month/year) 


Applicant's or agent's file reference 

3 1004-8 -48 8 WO 


REPLY DUE . ^. 

within ONE months 

from the above date of mailing 


International application No. 
PCT/USOO/29854 


International filing date (day /month/year) 
30 OCTOBER 2000 


Priority date (day /month/year) 

29 OCTOBER 1999 


Internationa! Patent Classification (IPC) or both national classification and IPC 
— c^p P'ipplement-il Sheet. 


"^^^ 

J.KY DENNISON CORPORATION 

1 * 



1. This written opinion is the "'"^^ (first, etc.) drawn by this International Preliminary Examining Authority. 

2. This opinion contains indications relating to the following items: 



I I x[ Basis of the opinion 

II I I Priority 

III j j Non-establishment of opinion with regard to novelty, inventive step or industrial applicability 

IV j I Lack of unity of invention 

V I ^1 Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicabilit}'; 
« 1 citations and explanations supporting such statement 

VI I j Certain documents cited 

VII [ [ Certain defects in the international application 
VIII I I Certain observations on the international application 

3. The applicant is hereby invited to reply to this opinion. 

When? See the time limit indicated above. The applicant may, before the expiration of that time limit, request this 

Authority to grant an oxtonoion., sec Rule 66.g(d). 

How? By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3. 

For the form and the language of the amendments, see Rules 66.8 and 66.9. 

Also For an additional opportunity to submit amendments, see Rule 66.4. 

For the examiner's obligation to consider amendments and/or arguments, see Rule 66.4- bis. 
For an informal communication with the examiner, see Rule 66.6. 



If no reply is filed, the international preliminary examination report will be established on the basis of this opinion. 

4. The final date by which the international preliminary 

examination report must be established according to Rule 69.2 is: 28 FEBRUARY 2002 



Name and mailing address of the IPEA/US 


Authorized officer 




Conunissioner of Patents and Trademarks 




Jean Proctor* W 
Paralegal SpelS&list 


Box per 

Wssliingtoii, D.C. S0&31 


ARLEN SODERQUIST 


Facsimile No. (703) 305-3230 


Telephone No. (703) S08-O661 





Form PCT/IPEA/408 (cover sheet) (July 1998)* 



1 



ATENT (X)OPEKATION TREAiT 



From the 

INTERNATIONAL PRELIMINAR^XAMINING AUTHORm' 



'^^ ALAN C. ROSE 

OPPENHEIMER WOLFF & DONNELLY LLP 
2029 CENTURY PARK EAST. SUITE 3800 
LOS ANGELES, CA 90067 



PCX DOCKETED 

2 6 2001 



WRriTEN OPINION 



(PCT Rule 66) 



OWD-LA 





%^::^^) 17SEPZ001 


Applicant's or agent's file reference 
310048-4'S8WO 


REPLY DUE 

fiorn the above date of mailing 


International application No. 
PCT/USOO/29854. 


International filing date (day/month/year) 
SO OCTOBER 2000 


Priority date (day/month/year) 
29 OCTOBER 1999 



Please See Supplemental Sheet. 



Applicant 

AVERY DENNISON CORPORATION 



1. This written opinion is the ^^^^^ 



(first, etc.) drawn by this International Preliminary Examining Authority. 



2. This opinion contains indications relating to the following items: 

I j x | Basis of the opinion 

II [ [ Priority 

HI Non-e.stablishment of opinion with regard to novelty, inventive step or industrial applicability 

IV I j Lack of unity of invention 

V I 1 Reasoned statement under Rule 66.2(a)(ii) with .regard to novelty, inventive step or industrial applicability; 

citations and explanations suppoi-ting such statement 

VI [ [ Certain documents cited 

VII [ I Certain defects in the international application 
VIII I I Certain observations on the international application 

S. The applicant is hereby invited to reply to this opinion. 

When? See the time limit indicated above. The l ipplicunl may. before r h f fi Tp irnt i nn ef-ttHrt-tw 

Authority to grant an cjttonuion., sec Rule 6&.0(d). 
How? By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3. 

For the form and the language of the amendments, see Rules 66.8 and 66.9. 

X\so For an additional opportunity to submit amendments, see Rule 66.4. 

For the examiner's obligation to consider amendments and/or arguments, see Rule 66.4 blS. 

For an informal communication with the examiner, see Rule 66.6. 
If no reply is filed, the international preliminary examination report will be established on the basis of this opinion. , 

4. The final date by which the international preliminary fitrpiiary onoo 

examination report must be established according to Rule 69.2 is: g8 rtiKKUAKY ^oo, . 



Name and mailing address of the IPEA/US 
Coiiunissioner of Patents aiid Trademarks 
Box PCT 

Washington, D.C ^S31 
Facsimile No. (70S) SOS-32SO . 



Authorized officer 

ARLEN SODERQUIST 
Telephone No. (703) S08-0661 



Jean Proctor* 
Paralegal SpelObiist 



Form PCT/IPEA/408 (cover sheet) (July 1998)* 



received' 

SEP 2 5 2001 



N OPINION 



tional application No. 
/USOO/29854 



L Basis of the opinion 



1. With regard to the elements of the iniemational application:* 
I X I the international application as originally filed 
the description: 



pages , 
pages 
pages 



1-12 



NONE 



_ , as originally filed 
tiled with ihe demand 



NONE 



filed with the letter of 



I x| the claims: 



pages . 
pages . 
pages . 
pages 



13-16 



NONE 



NONE 



, as originally filed 

. , as amended (together with any statement) under Article 19 
, filed with the demand 



NONE 



, filed with the letter of 



[ x| the drawings: 



pages 

pages 
pages 



1-7 



NONE 



, as originally filed 

filed with the demand 



NONE 



, filed with the letter of . 



the sequence listing part of the description: 

pages NONE 

pages 

pages 



NONE 



. as originally filed 

, filed with the demand 



NONE 



, filed with the letter of . 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the intemational application was filed, unless otherwise indicated under this item. 

Tliese elements were available or flimished to this Authority in the following language which is: 

I I the language of a translation furnished for the purposes of intemational search (under Rule 23.1(b)). 
I I the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of intemational preliminaty examination (under Rules 55.2 and/ 
or 55.3). . • . . 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, tlie written opinion was 
drawn on the basis of the sequence listing: 

contained in the intemational application in printed form. 
I I tilecl together with the intemational application in computer readable form. 
I I furnished subsequently to this Authority in written form. 
I [ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsecjuently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

I I The statement that the information recorded in computer readable fonn is identical to the writen sequence listing has 
' — ^ been furnished. 

^ I x| The amendments have resulted in the cancellation of: 



the description, pages_ 
the claims, Nos. 



NONE 



[1 

Hcl the drawings, sheets/ftg NON 



NONE 



5. I I This opinion has been drawn as if (some oO the amendments liad not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 

* Replacemera sheets which have been Jumished to the receiving Office in response to an invitmion under Article 14 are referred to 
in this opinion as "originally filed". 



Form PCT/IPEA/408 (Box I) (July 1998)* 



N OPENION 



tiona! application No. 
/US00/29S5+ 



V. Reasoned statement under Rule 66.2(a)(ii) >vith regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement ^ _ 



statement 
Novelty (N) 

Inventive Step (IS) 
Industrial Applicability (lA) 



Claims i-9.ig-go 



Claims to-i i 



Claims NONE 



Claims t-so 



Claims 
Claims 



1-120 



NONE 



YES 
NO 

YES 
NO 



YES 
NO 



•2. citations and explanations 

Claims 10-11 lack novelty under POT Article 33(2) as being anticipated by Peters. In the patent Peters teaches -/-ceptacle 
for ce 1 Iltures or biological tests comprising a base plate (s). and a wall member (i) joined in detachab e and hqu.d-ngh 
rann to the base plate the base plate and wall defining at least one chamber (2), at least that portion of the wall adj cent 
Te base piate consisting of a noncy t'otoxic elaston.eric synthetic material adhering to the base ^o ^ S-36 , 

the various materials for the two sections. It is noted that both P-^-^^. d^old Tlral^ 

detachabihty facilitates the handling of the respective parts in use. The dev.ce .s used to form and hold a pluraUty of test 
substances in defined regions on the base plate. 

Claims 1-9 and 12-20 lack an inventive step under PCT Article 33(3) as being obvious over the prior art as •''PP'i^'' 
Srdiately preceding paragraph and further in view of Machevskaya et al. Peters does not teach us.ng the dev.ce to test 

In the paper Machevskaya et al. presents a study of the interrelation of properties of coatings and the compodtion 
of epoxy-phenol compositions. The solvent composition, AUO, content, and viscosity of coat.ng compos.t.ons contam.ng 
iTa Tnlnts of epoxy and phenol-formaldehyde re.ins and pigmented with iron oxide were opfm.zed by 2» -P—""' 
de igl with respect to the thickness (h). th.ckness variat.o,. (h'). roughness (R), and abrasion res.stance (V) of coatmgs app .ed 
bv he c ntrifugal method. Analysis of the regression equations obtained showed that h decreased w.th mcreas.ng xylene 
It^ . h" "creased with increasin'gcyo.ohexanone content and with increasing viscosity. R decreased w.th '""--"S 
because of the increase of centrifuge rotation velocity, and V increased with increasing Al.O, content (3-6 we.ght% was the 

^^tl:" htTbt-nVb^rs the device of Peters for .aking the various co.npositions of M-;ev-ya a. 

because of its recognized ability to form and hold a plurality of test substances in defined regions on a base plate followed by 
(Continued on Supplemental Sheet.) 
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mounting said receptacle in a cenirifiige with the outward centrifligai 
force being perpendicular to the bottom of said receptacle; 

activating said cemrifuge to flatten the material in the receptacle; and 
drying said material while the sample is being rotated and flattened by the 
5 centrifugal action. 

S. A method for efficiently preparing a large number of sample castings 
comprising the steps of; 

forming a series of sample receptacles by providing a substrate and an 
overlying apertured sheet vvilh the apertured sheet in tight sealing engagement wirh the 
10 substrate; 

applying different samples of material in liquid form into said 



4^ receptacles; 



drying said samples; and 

removing said apertured sheet to leave said material samples on said 

15 " substrate. 

9. A method as defined in claim 8 including the step of applying force to 
said samples perpendicular to the bottom of said receptacles to flanen out said samples. 

1 0. A method of testing coating materials, comprising the steps of: 



20 



25 



providing an array of coaling wells, each well being configured for 
receiving a coating material haying a known" composi tion; " 

placing a coating material having a known composition in each coating 
well, varying the composition so as to provide a plurality of coating materials having 
different compositions in a plurality of coating wells; 

con-elaiing the composition of the coalings deposited in each of the 
phnrality of coating wells with the position of the coating well in the array, wherebv a 
specific composition is associated with each coating well position in the airay; 

placing said coating wells with said compositions into a centrifuge, and 
activating said centrifuge; 

drying said coating materials; and 
testing the resultant coatings. 

11. The method of claitn 10 including providing wells in the form of a 
flexible substitute and a fleNibie overlying apertured sheet. 
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12. Th^Wethod of claim 10 including the sSp of heating said coaling 
materials while said centrifuge is activated. 

13. A method of analyzing coating materials for perfonnance of the coating 
with regard to a property of a coating, comprising: 

5 providing an array of coating wells, each well being configured for 

receiving a coating materia] having a known parameter; said array of coating wells 
comprising a substrate and an overlying apertured sheet: 

placing a coaling material having the known parameter in each coating 
v/cll, varying the parameter so as to provide a plurality of coating materials having 
10 different parameter values in a plurality of coating wells; 

correlating the value of the parameter for the coalings deposited in each 
'he plurality of coating wells with the position of the coating well in the array, 
whereby a parameter value is associated with each coating well position in the array; 
drying said coating samples; and 

testing tiie coatings in the array to analyze the relationship between the 
position in the array and performance with regard to the property of the coating material; 

whereby ihe value of the parameter can be correlated to the performance 
of the coating with regard to the property of the ioating. 

14. The method of claim 13, further comprising the steps of; 

providing a coating well apparatus having at least a substrate part and a 
f^y_^ '^^U wall part which can be separated; ' ■ ' ^ 

separating the well wall part from' the substrate part after drying, whereby 
the coating material array is carried by the substmte alone after separation. 

15. The method of claim 13, wherein tJic well depth and volume is 
25 substantially greater than that of the coating volume. 

16. A method of analysing coating materials for performance of the coating 
with regard to a property of a coating, comprising: 

providing an an-ay of coating wells, each well being configured for 
receiving a coating material having a known parameter; 

placing a coating material having the known parameter in each coating 
well, varying the parameter so as to provide a plurality of coating materials having 
different parameter values in a plurality of coating wells; 

15 
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correlating the value of the parameter for ihe coatings deposited in each 
of ihe plurality of coating wells with the position of the coating well in the array,, 
whereby a parameter value is associated with each coating well position in the array: 

applying a centrifugal force to the array of coating wells to level the 
5 coating material in the coating wells; 

curing said coating sanjples under said coating leveling force; and 

testing the coatings in the array to analyze the relationship between the 
position in the array and performance with regard to the property of the coating material; 

whereby the value of the parameter can be correlated to the performance 
10 of the coating with regard to the property of the coating. 

J ^' The method of claim 1 6, funhcr comprising the steps of: 

providing a coating well apparatus having at least a substrate part and a 
well wall part which can be separated; 

separating the well wall part- from the substrate part after application of 
15 the leveling force, whereby the coating material array is carried by the substrate alone 
after separation. 

1 8. The method of claim 1 0, further comprising the steps of: 

curving the said array of coating wells to substantially match the 
curvature of the curvilinear path of the array during centi ifuging. 
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An Apparatus for High-Thr ughput Production of Coat Material Arrays, and Analj^ical 

Methods Using such Arrays 

Related Patent Application 

This application claims priority from prior U. S. Provisional Patent Application Serial 
Number 60/162349 filed October 29, 1999. the disclosiu-e of which is hereby incorporated by 
reference. 

Background: 

1 . Field of the invention:. 

The invention relates generally to methods and apparatus for identification and 
optimization of coaling materials and properties for desired applications. More specifically, the 
invention relates to an improved process of creating coatings, involving identifying candidate 
materials and screening and optimizing formulations and coating parameters for desired 
applications. 

2. Description of related art 

Development of coating materials, for example adhesive coatings, release coats, 
protective coatings, and the like as well as films and laminate constructions of layered materials, 
has conventionally been a time consuming and labor intensive process. Candidate materials are 
identified primarily based on knowledge and experience with what compositions have worked 
before in related applications and investigating like materials and combinations of materials. 
This usually involves preparing a coating formulation, preparing a test coating for evaluation 
(often involving several tries to attain the desired parameters such as coat weight, cure. etc. for 
evaluation), drying the coating, then evaluating the coating by testing the property of interest, 
such as permeability, tack, shear and bending strength, surface roughness, etc., and entering the 
results in a database for comparison with further coatings to be developed and tested. Problems 
of cross-contamination and holdover further limit the number of formulations that can be 
screened in a given time period. This is a time-consuming process and as a result one skilled in 
the art- even with support staff to assist and carry on tasks in parallel, has conventionally been 
able to screen at most a few coatings per day, most often only one or two. 

Because of the lengthy time required to screen and then investigate candidate materials 
and associated coating application parameter values to select and optimize coatings, those skilled 
in the art generally must focus on families of materials knovsm to possess properties likely to 
prove successful in the intended use. Investigation of unconventional or simply previously 
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untried materials is usually limited. Moreover, development of coating materials for a particular 
application is also a time-consxmiing process, and development of new coatings, while 
potentially beneficial, sometimes cannot be pursued due to economic considerations arising out 
of the time and effort involved. 

Requisite in the development of new coating materials is the use of a particular coating 
method as well as consideration of holdover or carryover effects. Holdover effects result in the 
contamination of one candidate coating material due to residual coating material remaining in the 
coat dispensing apparatus and/or coat-receiving substrate from a prior test coating material. 
Contamination as a result of holdover effects are generally additive and provide a level of error 
in coat formulation that is difficult to control. It is therefore preferable, especially when the 
volume of coating material to be tested is smalK to use a coating method that either eliminates or 
significantly reduces holdover effects. Use of a disposable method for dispensing as well as 
receiving the test coat material would eliminate problems associated with holdover effects. 

A variety of methods for coating desired substrates or materials are available and include 
spin coating, die coating and non-contact jet coating methods. Spin coating is a technique 
commonly used in the field of electronics where the coat material is dispensed onto a desired 
surface by centrifugal force (spinning). The coatweights resulting from this method are limited 
to very thin coatings and there is a significant loss of material during the coating process. In 
both the die coating and non-contact jet coating methods, die and jetting nozzle costs prohibit 
their modification to disposable units. Prior to the instant application, an inexpensive, efficient 
and disposable method for testing a large number of coating materials has not been known. 
While many significant advances in coating technology have been made in recent years, 
acceleration of the rate at which coating materials can be identified, screened, investigated and 
optimized will be recognized as a desirable goal by those skilled in the art. 

Summary of the Invention 

An object of the invention is to provide a multi-well apparatus for making arrays of 
coating materials. Such arrays are suitable for analysis and may comprise a disposable two-layer 
assembly where the first layer contains a plurality of wells and the second layer is a substrate 
layer. Both layers can be flexible, with the second or bottom layer being detachable from the 
overlying first layer. Such an apparatus can be made of disposable material, thus providing a 
cost-effective, efficient and reliable means of making and testing numerous formulations of 
coating material. 
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The invention also provides a method of developing a new coating having a desired 
performance characteristic with regard to a property of a coatings comprising: a) providing an 
array of coating wells, b) placing a coating material having the known parameter in each coating 
well, varying the parameter so as to provide a plurality of coatings having different panmieter 
values in a plurality of coating wells; c) correlating the value of the parameter for the coatings 
deposited in each of the plurality of coating wells with the position of the coating well in the 
array, whereby a parameter value is associated with each coating well position in the array; d) 
applying a leveling force to the array of wells to level the coating material in the coating wells; 
and e) testing the coatings in the array to analyze the relationship between the position in the 
array and performance with regard to the property of the coating material, whereby the value of 
the parameter can be correlated to the performance of the coating with regard to the property of 
the coating. Optionally, the coatings in the array can be dried while the leveling force is applied. 
The above combinatorial, high-throughput method of screening candidate coat materials results 
in a significant increase in the discovery rate of new coating materials. In a preferred 
embodiment the leveling force may be provided by a centrifuge. 

Further features, details, and advantages of the invention will be more apparent with 
reference to the following detailed description, taken in conjunction with the accompanying 
drawings, which illustrate, by way of example, principles of the invention. 

Brief Description of the Drawings 

FIG. 1 is a generic schematic of the combinatorial discovery process: 

FIG, 2 is a perspective view of an example of a robotic dispenser usable in one 

embodiment of the invention; 

FIG. 3 is a top view of an example of a well plate usable in one embodiment of the 

invention; 

FIG. 4 is a perspective view of an example of a well plate having a removable well 
bottom, comprising a substrate to which sample coatings are applied, usable in one embodiment 
of the invention; 

FIG. 5 is a perspective view of another example of a well plate having a removable well 
bottom comprising a substrate to which sample coatings are applied, usable in one embodiment 
of the invention; 

FIG. 6 is a side view of a well plate having a curved bottom usable in one embodiment of 
the invention; 
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FIG. 7 is a side view of a flexible well plate having a removable top portion usable in one 
embodiment of the invention: 

FIG. 8 is a side view of a well plate having a laminate construction usable in one 
embodiment of the invention: 
5 FIG. 9 is a schematic diagram showing leveling of coating array materials by application 

of a leveling force and curing by hot air: 

FIG. 10 is a perspective view of an example of a centrifuge usable in an embodiment of 
the invention; 

FIG. 11 is a perspective view of an example of a swing arm centrifuge rotor assembly 
10 usable in one embodiment of the invention, showing the assembly loaded with well plates: and 
FIG. 12 is a perspective view of an example of a 96-well plate usable in one embodiment 
of the invention. 



Detailed Description of the Preferred Embodiments 

1 5 In accordance with one aspect of the invention, it has been recognized that by using 

automation of certain development processes, miniaturization of samples to be tested, database 
development and manipulation, and using algorithms to identify candidate materials from 
information contained in databases, one can increase the number of coating materials that can be 
developed to meet identified needs. As used herein, the term "combinatorial" refers to the 

20 combined approach of high-throughput analysis of libraries consisting of arrays of coat material 
formulations. Included in the high-throughput analysis are automated or robotic processing of 
the sample arrays. 

Combinatorial methods have been used in the medical , pharmaceutical and 
biotechnology industries to develop chemical compositions, particularly pharmaceuticals and 
25 medicaments, for a number of years. However, these prior combinatorial methods have not 
been well suited to development of new coatings. Applicants herein provide techniques for 
generating arrays of coating formulations, well suited to the application of combinatorial 
chemistry methods. These techniques allow new coatings to be screened and evaluated on a high 
throughput basis, in order to produce new coatings economically. 

30 

Combinatorial Approach 

With reference to FIG. 1 of the drawings, which are given by way of example, and not by 
way of limitation, a system 10 in accordance with principles of the invention comprises a method 
of developing new coatings by means of a combinatorial approach. A first step 12 is to define 
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what end result coating is desired, and what characteristics and qualities such a coating will have. 
To achieve the desired result a new material, or a new construction of several materials, such as a 
laminate for example, comprising new and/or conventional materials combined in a novel way 
may be required. 

5 At the outset it should be understood that combinatorial methods can be applied to both 

the process of creating coating materials by formulation or synthesis, and to creating coating 
parameters or desired characteristics. 

Returning to consideration of one example of a combinatorial approach to coating 
development, the next step 13 is to select likely candidate materials. These can comprise 
10 formulations of generally dilute solutions of raw material ingredients 14 that are contemplated as 
likely elements or components that may provide a coating material with desired characteristics. 
In the next step 16 a material library of a few to a few hundred thousand, or more, chemical 
combinations arc formed and dispensed into an array of coaling wells 1 8 using a robot or other 
automated device 17 to make a library or array of coating materials . Incidentally, the "libraries" 
1 5 may include the samples in a single array, or the samples may form a plurality of arrays, 

processed either concurrently or successively. The chemical combinations forming at least part 
of the library are then processed in parallel as indicated at reference numeral 19. Processing can 
include exposing the coating array to a variety of processing variables such as heat, and time as 
well as applied leveling forces to shape the resultant library or array of coat samples, as can be 
20 accomplished, for example, by a centrifuge 20. In the next step 21 high throughput analysis is 
performed whereby the library is screened by detectors that quickly scan various properties of 
the coating materials. After the high throughput analysis, materials with the desired properties 
are identified 22 with the results entered into a large database 23. allowing up to 25.000 
variations of materials to be tested at one time. Each library is comprised of one or more arrays 
25 of variations of materials to be tested. Each individual site in an array will correspond to a 
specific formulation of a coat material, wherein the parameter or coat descriptor(s) of the 
material located at that site is known. N4iniaturization of the sample size facilitates processing 
and greatly saves cost and time thereby increasing efficiency and the rate of discovery. The end 
result is discovery and determination of the most successful new material(s) and the process or 
30 parameters used to produce the new materials. These materials are then selected for large scale 
production and commercialization 24. 

The combinatorial approach to development and testing of novel coat materials greatly 
benefits from use of devices and apparatus that allow flat coating samples in the arrays or within 
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wells in the arrays. Additional embodiments encompassing such devices and apparatus are 
included in the present invention and further described below. 

When trying to coat one formulation after another in a rapid fashion, "holdover ' 
considerations are important. As used herein, the term "holdover" is defined as the volume of 
material that is residual in a cavity after it is emptied and could contaminate the next batch of 
material deposited into the cavity. As volumes of the cavity get smaller, the potential for 
holdover increases. For example, tubes, pipette tips, material dispensers and such all have 
potential holdover volumes. The contamination is also a function of the rheological nature or 
viscosity of the material that is deposited into the cavity. Holdover effects in traditional methods 
of developing coating materials greatly increases the level of error, compromising the 
identification of correct parameters of a new coat material. In the present invention, holdover 
and its contaminating effects are eliminated by use of a disposable dispensing device 25 (FIG. 2) 
and a disposable substrate assembly (formatted as a multi-well apparatus) 26. both of which are 
further described below. As used herein, the term "substrate" is defined as any coat-receiving 
surface or material, or a substance upon which a sample coat material resides which allows the 
testing of that sample. A "substrate assembly'' is a composite of materials formed into a unit or 
apparatus for holding a large number of different coating samples in an array format (FIG. 3). 
An ^'array format"" as used herein, is a matrix format where the samples of coating material are 
arranged as discrete coated areas 3 1 on a surface, such as a planar surface. For example, a 48- 
well coating array (FIG. 3) would have 48 discrete coated areas arranged as 6 rows 27 and 8 
columns 28. 

Multi-well Apparatus for Parallel Processing of a Material Library 

An initial step in the development of a coating is to create the various mixed formulations 
to be placed in the wells in the array. In one embodiment of the present invention, such sample 
formulations can be mixed or prepared in a multi-well plate format (FIG. 3) with each individual 
well containing a unique, pre-defined formulation to be tested. A variety of t>'pes of 
conmiercially available multi-well plates suitable for use in the present invention can be used 
(Millipore Corp., Polyfillronics. VWR Scientific). Such multi-well plates can vary in size of 
plate dimension, size of well (outer circumference as well as well-depth), type of material used 
to construct the multi-well plate (for example, polystyrene or polypropylene, rigid plastic or 
flexible plastic). The biotechnology and pharmaceutical industry utilizes multi-well plates 
(generally 48-, 96- or 256-well plates) whose outer dimensions are standardized for use with 
robotic dispensers. Generally, standardized multi-well plates are rectangular, rigid, stackable 
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plates with right edges of the top or lid portion being curved 29. The outside dimensions of a 
complete multi-well unit are approximately 5 x 3.25 inches. Such multi-well plates are suitable 
for use in the present invention. In general, the well size used should be of substantial volume so 
as to allow adequate robotic mixing of the required or needed amount of each formulation 

5 without drying up of the solutions contained in the wells. Preferably a well volume of .5 to 3 
cubic centimeters in volume is contemplated for use in the present invention. The minimum 
quantity or volume of sample to be mixed in a ' mother ' wellplate will vary depending upon the 
desired coating thickness, domain size and formulation of the coating solution. 

As used herein, a "mother" well plate is defined as a source well plate. For example, a 25 

10 micron thick coating that is 1 cm" in domain size with a coating solution that is 50% solids, will 
require (1 cm" x 25 microns / 0.5) volume units or 0.0050 cc of solution. "Domain size'' as used 
herein, refers to the minimum area required for the coated sample as determined by downstream 
testing. The appropriate volume of individual formulations from this mother well plate can then 
be dispensed to a sample or •^daughter" well plate to make a coating with the desired domain size 

1 5 for subsequent analysis and data collection. It should be understood, that aliemativc 

embodiments include use of a single well plate as both the mother and daughter well plate. In 
such a case, the well plate into which the sample formulations are mixed will also serve as the 
well plate from which the coating materials will be tested. Again, considerations of desired 
coating thickness, domain size and formulation of coating solutions will be included in 

20 determination of minimum volume of well size required. Additional embodiments of well plate 
apparatus design will be discussed further below. 

Aiilomatcd Dispensing of Candidate Coat Materials for Testing 

A disposable metering device can be used to dispense the formulations from a mother 

25 well plate to a daughter well plate. A robotic dispenser (available commercially for example, 

from Hamilton Zinser Packard) ( FIG. 2) is one such device. Robotic dispensers allow for rapid 
and automated dispensing of a specified quantity of a large number of samples. The well plate 
format to be used for the daughter well plate will also depend on the domain size requirement of 
the coating. For example, a 6-, 12-, 24-, 48-, 96-, or 384- well plate format are commercially 

30 available formats which can be used in the present invention with the commercially available 
robotic dispensers. The robotic dispenser will have a platform area upon which the substrate 
well plates reside (FIG. 2; "A"). 

Alternatively, in the case where a single well plate is used as both the mother and 
daughter wellplate. a robotic device can also be used for mixing as well as dispensing component 
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materials for the sample coating fomiulation to be tested. Such a device could have multiple 
dispensing units 30 from which specific and precise amount of an individual component is 
dispensed into a single well. The sample solution can be dispensed using disposable pipette tips 
30b attached to the pipettors 30c. For example, a separate dispensing unit for each component 
can be used to dispense the appropriate amount of a respective component into a single sample 
well. Such a dispensing imit can be disposable which will allow rapid and accurate automation 
of the combinatorial method for formulating or synthesizing a new coating with elimination of 
holdup or contamination problems. Examples of disposable dispensing units include, 
polyethylene or other type of tubing and disposable pipette tips. 

Alternative Designs of Multi-well Apparatus for Parallel Processing 

Alternative embodiments of well plate design include providing a two-piece coating well 
apparatus having at least a substrate portion 32 and a multi-well or sample-containing template 
34 which can be separated from one another (FIG. 4). Once leveled and dried, the coating 
material 36 is held by the substrate portion 32 of the assembly. This type of well plate assembly 
is designed such that the base substrate-portion (or bottom half of the assembly) 32 can be 
removed from the multi-well template portion 34 of the well plate assembly. Various 
embodiments of a well plate design having a removable bottom are contemplated and further 
described below. FIG. 5 shows an example of a multi-well plate depicting the array format 
useful in the invention. Coating material samples are placed within the apertured. multi-well 
template top 47. Such multi-well plates will form an array 41 or library format of the different 
formulations as discrete coated areas 40 on a planar substrate sheet 42. A multi-well plate with a 
removable top or cover can also be used as a well plate assembly. An example of such a multi- 
well plate design is shown in FIG. 7. The well plate design can also include modifications to the 
well plate to prevent distribution of coating material onto the inner walls of the wells. For 
example, a release coating can be applied to the inner walls 43 of the wells to prevent any sample 
material firom moving up and onto the well walls during application of a leveling force. 

An additional embodiment of the present invention includes multi-well plates designed to 
obtain flat coatings in all of the wells of assembly. Current commercially available multi-well 
plates have a flat-bottom surface for the entire plate. This results in an uneven distribution of 
sample material in the wells located along the perimeter of the multi-well plate 68 when current 
swing arm type of centrifiige rotors 70 are used to apply a leveling force. FIG. 6 shows an 
example of a modified multi-well plate designed to obtain flat coatings in all of the wells. Such 
a well plate will have a curved base plate 44 where the curvature of this base is parallel to the 
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circumference of the centrifuge rotor, or is curved so as to substantially match the curvature of 
the curvilinear path of the well plate during centrifugation. With a curved-bottom well plate 44, 
sample material or coating solutions in all of the wells, including perimeter wells 45, will be at 
the same distance from the spin axis of the centrifuge. Thus, coating material in all of the wells 
5 will have a flat distribution following centrifugation. The top view of such a multi-well plate can 
be as depicted in FIG. 5. A flexible substrate and apertured well plate may be employed to 
provide a curved configuration when mounted in a centrifuge. 

A specialized laminate well plate construction is also envisioned as an alternative 
embodiments of the present invention. FIG. 8 shows a cross sectional view of a representative 
10 laminate multi-well plate assembly. In one case, the assembly is made up of at least 4 layers and 
is shown in FIG.8. The top or first layer 46 corresponds to the multi-well or sample holding 
portion of the assembly. This layer need only be thick enough to provide a sufficient barrier 
between adjacent wells so that the dispensed coating material 50 does not cross contaminate 
adjacent samples. Where a very small amount of coating material 50 is to be tested, this layer 
1 5 need not be very thick and could be made of, for example, thin plastic, foam or paper with each 
well formed of holes placed in linear, multiple rows to form an array pattern. Preferably, the top 
layer will be about .01 to about 1 mm, or about 1 to about 10 mm, or about 1 to about 5 cm in 
height. This top layer 46 can be coated with a Pressure Sensitive Adhesive (PSA) (not shown) to 
attach it to the substrate layer 48. This will also help to seal the wells so that cross- 
20 contamination of sample coating material from one well does not mix with its neighbors. The 

second layer is the substrate layer 48 and can be formed of a variety of materials, such as plastic, 
polymeric resin or paper, so long as it will hold the sample coating material 50 in a flattened 
manner. The second layer will preferably be about 1 to about 100 microns, or about 1 to about 
10 mm, or about 1 to about 5 cm in thickness. The third layer is a Pressure Sensitive Adhesive 
25 layer (PSA) 52. The PSA layer 52 can be about 5 to about 30 yim , or about .005 to about .03 

mm, or about.0005 to about.003 cm in thickness depending upon the type of adhesive and degree 
of adhesion desired. The fourth layer is a liner 54 coated with a release layer such as silicone, 
which can be removed or peeled away from the PSA layer 52 leaving the adhesive on the bottom 
of the substrate layer as the new bottom layer. This type of multi-well plate design is suitable for 
30 example, where the stickiness or tackiness of a coating material is to be tested. In such a case, it 
is desirable to have an array library which will remain stationary or adhere to a support surface 
by the PSA layer 52 while each individual coating sample is tested. Use of the PSA 52 on the 
layer 48 will allow the array library to remain stationary and not lift up during testing. 
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Leveling Force 

Once the different formulations are dispensed into a multi-well plate assembly 63, the 
coat formulations are made into flat coatings 64 within the wells by use of a leveling force. A 
•ieveling force'' as used herein, is defmed as any force sufficient to cause a sample or coat 
material to distribute evenly and flatly onto a substrate. A leveling force will also remove any 
residual air bubbles present within the sample coat formulation. A variety of leveling forces are 
contemplated for use in the present invention including, for example, use of centrifugal force, 
use of a vacuum or negative pressure force, use of an electrostatic force, or use of a magnetic 
force. In the case where magnetic leveling force is used, the test coat fonnulation will contain 
magnetic particles, powder, or a compound such as ferrite, that is responsive to a magnetic force. 
Use of a leveling force need not be limited to single-coat assessments. Where the processing of a 
multi-layer construction of coat material is desired- a leveling force can be repeatedly applied 
following dispensing of individual layers of a coat to be tested. The final array obtained will be 
a planar sheet containing discrete areas in a grid format of multi-layer coat formulations. 

FIG. 1 1 shows an example of a centrifuge that can be used for applying a leveling force 
to a multi-well plate. Such swing arm-type centrifuges with multi-well plate holders (FIG. 12) 
are available commercially (for example, VWR Scientific, "MicroPlus GH 3.8 rotor centrifuge). 
The rotor for use in such a centrifuge is designed so as to hold an even number of multi-well 
plate assemblies. The multi-well plate assemblies 68 are loaded into the rotor 70 in an upright or 
horizontal position. During centrifugation, the plates are directed into a vertical position which 
then levels or flattens the sample formulations onto the substrate layer. After the formulations 
are dispensed in a multi-well plate assembly, the assembly is placed in a swing-arm centrifuge 
and the coatings arc spun at controlled speeds so as to form a flat coating within each well 64. 
For example, with a standard centrifuge, a 10-min. spin at 2000 rpm will be sufficient to evenly 
distribute the coat materials within each well. There is no loss of sample material with use of a 
swing-arm centrifuge. 

Additional methods of casting sample coat formulations include those which can also 
simultaneously dry the coating material during casting. For example, a centrifuge which has 
been modified to hold circulating hot air or other gas which will aid in the evaporation of carrier 
solvents in the coating formulations is also contemplated for use in the present invention and is 
diagrammed schematically in FIG. 9. The hot air 66 circulating over the formulations during 
centrifugation aids in the drying of the coating by evaporation of volatiles or solvents. As with a 
centrifiige, devices used to provide alternative methods of applying a leveling force can also be 
modified so as to simultaneously dry the coat formulations. For example, an apparatus utilizing 
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a vacuum or electrostatic force as the leveling force can be modified to circulate hot air and 
include alternate arrangements for drying. 

High Throughput Analysis, Data Storage, Data Modeling and New Materials Discovery 
5 The above methods provide an array 40 of coating materials with each site in the grid 

array containing a coat material having a known parameter which differs from parameter values 
of the materials contained on the other sites (FIG 1; step 16). With this array, the plurality of 
coating materials can each be tested for performance of each coating. Because the parameter 
value of the coating contained at each site is known, the value of a parameter associated with a 
1 0 desired performance of a coating can be determined. Ail information obtained by this high 

throughput analysis screening a coat material library are then entered into a database. From this 
database identification of the most successful new coat materials and the parameters and 
descriptors used to produce them is achieved (FIG. 1, step 23). Such a database will also serve 
as a storage librar>' to aid in the formulation of future parameters to characterize the coatings. 

15 

Example I 

This example demonstrates the use of a multi-well plate combined with a centrifugal 
leveling force for estimation of coat weight of a sample coat material formulation. This example 
is intended to be representative of one embodiment of the invention, and not intended as limiting 
20 the scope of the invention. 

The emulsion polymer formulation used was S-2000. S-2000 is a nondispersable 
emulsion acrylic polymer manufactured by Avery Dcnnison Corporation. Pasadena CA in 
accordance with U.S. Patent No. 5,221,706. A 96-well plate obtained from Polytronics was 
25 used as a daughter well plate. The well plate remained flat during centrifugaiion. Each well 
contained an equivalent sample material formulation for determination of coat weight. 

Diameter of each well = 0.6 cm 

Cross-section of each well = 3.14 x 0.6 cm2 = 1 .884 cm2 
30 Weight of coat material in E7 position of array = 0.01 53 gm 
Wet coat weight in E7 = 0.01 53/.000 1884 = 81.21 gsm 

% solids in wet solution = 52.1% 
Dry coat weight in E7 = 42.3 gsm 

11 
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Results: 

The emulsion did not dry fast and remained opaque. Hence the need for higher 
temperature drying. Material in wells located on the perimeter wells did not level evenly. Coat 
5 material dispensed into the center wells were centered and evenly flattened in the horizontal 
direction. The uneven leveling observed in the perimeter wells is believed to be a result of the 
centrifugal force acting at an angle to the bottom of the well, unlike the preferred flexible 
configuration of Fig. 6. 

This example demonstrates the utility of using a multi-well plate combined with a 
10 leveling force for high-throughput analysis of specific parameters or characteristics of coat 
material formulations in an individualized manner. 

The invention has been described with reference to various specific and preferred 
embodiments and techniques. However, it should be understood that many variations and 
1 5 modifications may be made while remaining within the spirit and scope of the invention 
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CLAIMS 

1 . A method for efficiently preparing a large number of sample coatings comprising 
the steps of: 

(a) forming a series of sample receptacles or wells by providing a flexible 
substrate and an overlying ^ertured sheet with the apertured sheet in tight sealing engagement 
with the substrate; 

(b) applying different samples of material in liquid form into said receptacles; 

(c) placing said flexible substrates with said sample receptacles thereon in a 

centrifuge; 

(d) activating said centrifuge with said receptacle mounted therein to flatten 
out the sample material in said receptacles, with the centrifugal force acting perpendicular to the 
bottom of the receptacles; 

(e) drying said samples while they are \yithin the centrifuge; and 

(f) removing the apertured plate to leave the samples exposed on said 

substrate. 

2. A method as defined in claim 1 wherein said applying step involves the 
application of various adhesive compositions into said receptacles or wells. 

3. A method as defined in claim 1 wherein multilayer samples are formed by 
repeating steps (b) through (e) prior to step (0- 

4. A method as defined in claim 1 wherein an array of at least four wells are formed. 

5. A method as defined in claim 1 wherein hot air is applied to the samples during 
centrifugaiion. 

6. A method as defined in claim 1 wherein said substrate is fomied of paper. 

7. A method of forming a test coating comprising the steps of: 

forming a receptacle for receiving a material sample, said receptacle having a flat bottom 
and enclosing sides: 

depositing a fluid material sample in said receptacle; 
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mounting said receptacle in a centrifuge with the outward centrifugal force being 

perpendicular to the bottom of said receptacle; 

activating said centrifuge to flatten the material in the receptacle; and 
drying said material while the sample is being rotated and flattened by the 

centrifugal action. 

8. A method for efficiently preparing a large number of sample castings comprising 
the steps of: 

forming a series of sample receptacles by providing a substrate and an overlying 
apertured sheet with the apertured sheet in tight sealing engagement with the substrate; 

applying different samples of material in liquid form into said receptacles; 
drying said samples; and 

removing said apertured sheet to leave said material samples on said substrate. 

9. A method as defined in claim 8 including the step of applying force to said 
samples perpendicular to the bottom of said receptacles to flatten out said samples 

10. A multi-well apparatus for providing an array of coating material suitable for 
analysis of performance characteristics comprising: 

an at least 2-layer assembly comprised of a top and a bottom layer, wherein the 
top layer comprises an apertured sheet; 

the bottom layer comprises a substrate layer for receiving the coating material; 

and 

the bottom layer is detachable. 

11. A multi-well apparatus as defined in claim 10 wherein the multi-well apparatus 
flexible. 

12. A method of testing coating materials, comprising the steps of: 

providing an array of coating wells, each well being configured for receiving a 
coating material having a known composition; 

placing a coating material having a known composition in each coating welK 
varying the composition so as to provide a plurality of coating materials having different 
compositions in a plurality of coating wells; 

14 
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correlating the composition of the coatings deposited in each of the plurality of 
coating wells with the position of the coating well in the array, whereby a specific composition is 
associated with each coating well position in the array; 

placing said coating wells with said compositions into a centrifuge* and activating 
5 said centrifuge; 

drying said coating materials: and 

testing the resultant coatings. 

13. The method of claim 12 including providing wells in the form of a flexible 
10 substitute and a flexible overlying apertured sheet. 

14. The method of claim 12 including the step of heating said coating materials while 
said centrifuge is activated. 

15 15. A method of analyzing coating materials for performance of the coating with 

regard to a property of a coating, comprising: 

providing an array of coating wells, each well being configured for receiving a 
coating material having a known parameter: said array of coating wells comprising a substrate 
and an overlying apertured sheet; 
20 placing a coating material having the known parameter in each coating well, 

varying the parameter so as to provide a plurality of coating materials having different parameter 
values in a plurality of coating wells: 

correlating the value of the parameter for the coalings deposited in each of the 
plurality of coating wells with the position of the coating well in the array, whereby a parameter 
25 value is associated with each coating well position in the array: 
drying said coating samples: and 

testing the coatings in the array to analyze the relationship between the position in 
the array and performance with regard to the property of the coating material: 

whereby the value of the parameter can be correlated to the performance of the 
30 coating with regard to the property of the coating. 

16. The method of claim 1 5, further comprising the steps of: 

providing a coating well apparatus having at least a substrate part and a well wall 
part which can be separated: 
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separating the well wall part from the substrate part after drying, whereby the 
coating material array is cairied by the substrate alone after separation. 

1 7. The method of claim 1 5, wherein the well depth and volume is substantially 
greater than that of the coating volume. 

18. A method of analyzing coating materials for performance of the coating with 
regard to a property of a coating, comprising: 

providing an array of coating wells, each well being configured for receiving a 
coating material having a known parameter; 

placing a coating material having the known parameter in each coating well, 
varying the parameter so as to provide a plurality of coating materials having different parameter 
values in a plurality of coating wells; 

correlating the value of the parameter for the coatings deposited in each of the 
plurality of coating wells with the position of the coating well in the array, whereby a parameter 
value is associated with each coating well position in the array; 

applying a centrifugal force to the array of coating wells to level the coating 
material in the coating wells; 

curing said coating samples under said coating leveling force; and 

testing the coatings in the array to analyze the relationship between the position in 
the array and performance with regard to the property of the coating material: 

whereby the value of the parameter can be correlated to the performance of the 
coating with regard to the property of the coating. 

19. The method of claim 1 8, further comprising the steps of: 

providing a coating well apparatus having at least a substrate part and a well wall 
part which can be separated; 

separating the well wall part from the substrate part after application of the 
leveling force, whereby the coating material array is carried by the substrate alone after 
separation. 

20. The method of claim 12, further comprising the steps of: 

curving the said array of coating wells to substantially match the curvature of the 
curvilinear path of the array during centrifuging. 
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An Apparatus for High-Throughput Production of Coat Material Arrays* and Analytical 



Related Patent Application 

This application claims priority from prior U. S. Provisional Patent Application Serial 
Number 60/162J49 filed October 29, 1999, the disclosure of which is hereby incorporated by 
reference. 

Background: 

1 . Field of the invention: 

The invention relates generally to methods and apparatus for identification and 
optimization of coating materials and properties for desired applications. More specifically, the 
invention relates to an improved process of creating coatings, involving identifying candidate 
materials and screening and optimizing fomiulations and coating parameters for desired 
applications. 

2. Description of related art 

Development of coating materials, for example adhesive coatings, release coats, 
protective coatings, and the like as well as films and laminate constructions of layered materials, 
has conventionally been a time consuming and labor intensive process. Candidate materials are 
identified primarily based on knowledge and experience with what compositions have worked 
before in related applications and investigating like materials and combinations of materials. 
This usually involves preparing a coating formulation, preparing a test coating for evaluation 
(often involving several tries to attain the desired parameters such as coat weight, cure. etc. for 
evaluation), drying the coating, then evaluating the coaling by testing the property of interest, 
such as permeability, tack, shear and bending strength, surface roughness, etc., and entering the 
results in a database for comparison with further coatings to be developed and tested. Problems 
of cross-contamination and holdover further limit the number of formulations that can be 
screened in a given time period. This is a time-consuming process and as a result one skilled in 
the art, even with support staff to assist and carry on tasks in parallel, has conventionally been 
able to screen at most a few coatings per day, most often only one or two. 

Because of the lengthy time required to screen and then investigate candidate materials 
and associated coating application parameter values to select and optimize coatings, those skilled 
in the art generally must focus on families of materials known to possess properties likely to 
prove successful in the intended use. Investigation of unconventional or simply previously 
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untried materials is usually limited. Moreover, development of coating materials for a particular 
application is also a time-consuming process, and development of new coatings, while 
potentially beneficial, sometimes cannot be pursued due to economic considerations arising out 
of the time and effort involved. 
5 Requisite in the development of new coating materials is the use of a particular coating 

method as well as consideration of holdover or canyover effects. Holdover effects result in the 
contamination of one candidate coating material due to residual coating material remaining in the 
coat dispensing apparatus and/or coat-receiving substrate from a prior test coating material. 
Contamination as a result of holdover effects are generally additive and provide a level of error 

10 in coat formulation that is difficult to control. It is therefore preferable, especially when the 

volume of coating material to be tested is small, to use a coating method that either eliminates or 
significantly reduces holdover effects. Use of a disposable method for dispensing as well as 
receiving the test coat material would eliminate problems associated with holdover effects. 

A variety of methods for coating desired substrates or materials are available and include 

15 spin coating, die coating and non-contact jet coating methods. Spin coating is a technique 
commonly used in the field of electronics where the coat material is dispensed onto a desired 
surface by centrifugal force (spinning). The coatweights resulting from this method are limited 
to very thin coatings and there is a significant loss of material during the coating process. In 
both (he die coating and non-contact jet coating methods, die and jetting nozzle costs prohibit 

20 their modification to disposable units. Prior to the instant application, an inexpensive, efficient 
and disposable method for testing a large number of coating materials has not been known. 
While many significant advances in coating technology have been made in recent years! 
acceleration of the rate at which coating materials can be identified, screened, investigated and 
optimized will be recognized as a desirable goal by those skilled in the art. 

25 

Summary of the invention 

An object of the invention is to provide a multi-well apparatus for making arrays of 
coating materials. Such arrays are suitable for analysis and may comprise a disposable two-layer 
assembly where the first layer contains a plurality of wells and the second layer is a substrate 
30 layer. Both layers can be fiexible. with the second or bottom layer being detachable from the 
overiying first layer. Such an apparatus can be made of disposable material, thus providing a 
cost-effective, efficient and reliable means of making and testing numerous formulations of 
coating material. 
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The invention also provides a method of developing a new coating having a desired 
perfonmance characteristic with regard to a property of a coating, comprising: a) providing an 
array of coating wells, b) placing a coating material having the known parameter in each coating 
well, varying the parameter so as to provide a plurality of coatings having different parameter 
5 values in a plurality of coating wells; c) correlating the value of the parameter for the coatings 
deposited in each of the plurality of coating wells with the position of the coating well in the 
array, whereby a parameter value is associated with each coating well position in the array; d) 
applying a leveling force to the array of wells to level the coating material in the coating wells; 
and e) testing the coalings in the array to analyze the relationship between the position in the 

10 array and performance with regard to the property of the coating material, whereby the value of 
the parameter can be con-elated to the performance of the coating with regard to the property of 
the coating. Optionally, the coatings in the array can be dried while the leveling force is applied. 
The above combinatorial, high-throughput method of screening candidate coat materials results 
in a significant increase in the discovery rate of new coating materials. In a preferred 

15 embodiment the leveling force may be provided by a centrifuge. 

Further features, details, and advantages of the invention will be more apparent with 
reference to the following detailed description, taken in conjunction with the accompanying 
drawings, which illustrate, by way of example, principles of the invention. 

20 Brief Description of the Drawings 

FIG. I is a generic schematic of the combinatorial discovery process; 
FIG. 2 is a perspective view of an example of a Yobotic dispenser usable in one 
embodiment of the invention; 

FIG. 3 is a top view of an example of a well plate usable in one embodiment of the 
25 invention; 

FIG. 4 is a perspective view of an example of a well plate having a removable well 
bottom, comprising a substrate to which sample coatings are applied, usable in one embodiment 
of the invention; 

FIG. 5 is a perspecrive view of another example of a well plate having a removable well 
30 bottom comprising a substrate to which sample coatings are applied, usable in one embodiment 
of the invention; 

FIG. 6 is a side view of a well plate having a curved bottom usable in one embodiment of 
the invention; 
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FIG. 7 is a side view of a flexible well plate having a removable top portion usable in one 
embodiment of the invention: 

FIG. 8 is a side view of a well plate having a laminate construction usable in one 
embodiment of the invention: 



of a leveling force and curing by hot air: 

FIG. 1 0 is a perspective view of an example of a centrifuge usable in an embodiment of 
the invention: 

FIG, 11 Is a perspective view of an example of a swing arm centrifuge rotor assembly 
10 usable in one embodiment of the invention, showing the assembly loaded with well plates: and 
FIG. 12 is a perspective view of an example of a 96-vvell plate usable in one embodiment 
of the invention. 

Detailed Description of the Preferred Embodiments 

15 In accordance with one aspect of the invention, it has been recognized that by using 

automation of certain development processes, miniaturization of samples to be tested, database 
development and rhanipulation, and using algorithms to identify candidate materials from 
information contained in databases, one can increase the number of coating materials that can be 
developed to meet identified needs. As used herein, the term "combinatorial" refers to the 

20 combined approach of high-throughput analysis of libraries consisting of arrays of coal material 
formulations. Included in the high- throughput analysis are automated or robotic processing of 
the sample arrays. 

Combinatorial methods have been used in the medical , pharmaceutical and 
biotechnology industries to develop chemical compositions, particularly pharmaceuticals and 
25 medicaments, for a number of years. However, these prior combinatorial methods have not 
been well suited to development of new coatings. Applicants herein provide techniques for 
generating arrays of coating formulations, well suited to the application of combinatorial 
chemistry methods. These techniques allow new coatings to be screened and evaluated on a high 
throughput basis, in order to produce new coatings economically. 



Combinatorial Approach 

With reference to FIG. 1 of the drawings, which are given by way of example, and not by 
way of limitation, a system 10 in accordance with principles of the invention comprises a method 
of developing new coatings by means of a combinatorial approach. A first step 12 is to define 
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FIG. 9 is a schematic diagram showing leveling of coating array materials by application 
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what end result coaling is desired, and what characteristics and qualities such a coating will have. 
To achieve the desired result a new material, or a new construction of several materials, such as a 
laminate for example, comprising new and/or conventional materials combined in a novel way 
may be required. 

At the outset it should be understood that combinatorial methods can be applied to both 
the process of creating coating materials by formulation or synthesis, and to creating coating 
parameters or desired characteristics. 

Returning to consideration of one example of a combinatorial approach to coating 
development, the next step 13 is to select likely candidate materials. These can comprise 
Ibrmulations of generally dilute solutions of raw material ingredients 14 that are contemplated as 
likely elements or components that may provide a coating material with desired characteristics. 
In the next step 16 a material library of a few to a few hundred thousand, or more, chemical 
combinations arc formed and dispensed into an array of coating wells 1 8 using a robot or other 
automated device 17 to make a library or array of coating materials . Incidentally, the "libraries" 
may include the samples in a single array, or the samples may form a plurality of arrays, 
processed either concurrently or successively. The chemical combinations forming at least part 
of the library are then processed in parallel as indicated at reference numeral 19. Processing can 
include exposing the coating array to a variety of processing variables such as heat, and time as 
well as applied leveling forces to shape the resultant library or array of coat samples, as can be 
accomplished, for example, by a centrifuge 20. In the next step 21 high throughput analysis is 
performed whereby the library is screened by detectors that quickly scan various properties of 
the coating materials. After the high throughput analysis, materials with the desired properties 
are identified 22 with the results entered into a large database 23, allowing up to 25,000 
variations of materials to be tested at one time. Each library is comprised of one or more arrays 
of variations of materials to be tested. Each individual site in an array will correspond to a 
specific formulation of a coat material, wherein the parameter or coat descripior(s) of the 
material located at that site is known. Miniaturization of the sample size facilitates processing 
and greatly saves cost and lime thereby increasing efficiency and the rate of discovery. The end 
result is discovery and determination of the most successful new material(s) and the process or 
parameters used to produce the new materials. These materials are then selected for large scale 
production and commercialization 24. 

The combinatorial approach to development and testing of novel coat materials greatly 
benefits from use of devices and apparatus that allow flat coating samples in the arrays or within 
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wells in the arrays. Additional embodiments encompassing such devices and apparatus are 
included in the present invention and further described below. 

When trying to coat one formulation after another in a rapid fashion, "holdover" 
considerations are important. As used herein, the term "holdover" is defined as the volume of 

5 material that is residual in a cavity after it is emptied and could contaminate the next batch of 
material deposited into the cavity. As volumes of the cavity get smaller, the potential for 
holdover increases. For example, tubes, pipette tips, material dispensers and such all have 
potential holdover volumes. The contamination is also a function of the rheological nature or 
viscosity of the material that is deposited into the cavity. Holdover effects in traditional methods 

10 of developing coating materials greatly increases the level of error, compromising the 

identification of correct parameters of a new coat material. In the present invention, holdover 
and its contaminating effects are eliminated by use of a disposable dispensing device 25 (FIG. 2) 
and a disposable substrate assembly (formatted as a multi-well apparatus) 26. both of which are 
further described below. As used herein, the term '"substrate" is defined as any coat-receiving 

15 surface or material, or a substance upon which a sample coat material resides which allows the 
testing of that sample. A "substrate assembly" is a composite of materials formed into a unit or 
apparatus for holding a large number of different coating samples in an array format (FIG. 3). 
An *'*array format" as used herein, is a matrix format where the samples of coating material are 
arranged as discrete coated areas 3 1 on a surface, such as a planar surface. For example, a 48- 

20 well coating array (FIG. 3) would have 48 discrete coated areas arranged as 6 rows 27 and 8 
columns 28. 

Multi-well Apparatus for Parallel Processing of a Material Library 

An initial step in the development of a coating is to create the various mixed formulations 

25 to be placed in the wells in the array. In one embodiment of the present invention, such sample 
formulations can be mixed or prepared in a multi-well plate format (FIG. 3) with each individual 
well containing a unique, pre-defined formulation to be tested. A variety of tj'pes of 
commercially available multi-well plates suitable for use in the present invention can be used 
(Millipore Corp., Polyfiltronics. VWR Scientific). Such multi-well plates can vary in size of 

30 plate dimension, size of well (outer circumference as well as well-depth), type of material used 
to construct the multi-well plate (for example, polystyrene or polypropylene, rigid plastic or 
flexible plastic). The biotechnology and pharmaceutical industry utilizes multi-well plates 
(generally 48-, 96- or 256-well plates) whose outer dimensions are standardized for use with 
robotic dispensers. Generally, standardized multi-well plates are rectangular, rigid, stackable 
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plates with right edges of the top or lid portion being curved 29. The outside dimensions of a 
complete multi-well unit are approximately 5 x 3.25 inches. Such multi-well plates are suitable 
for use in the present invention. In general, the well size used should be of substantial volume so 
as to allow adequate robotic mixing of the required or needed amount of each formulation 
5 without drying up of the solutions contained in the wells. Preferably a well volume of .5 to 3 
cubic centimeters in volume is contemplated for use in the present invention. The minimum 
quantity or volume of sample to be mixed in a ''mother" weliplate will vary depending upon the 
desired coating thickness, domain size and formulation of the coating solution. 



herein, refers to the minimum area required for the coated sample as determined by downstream 
testing. The appropriate volume of individual formulations iVom this mother well plate can then 
be dispensed to a sample or Vdaughter*^ well plate to make a coating with the desired domain size 

1 5 for subsequent analysis and data collection, it should be understood, that alternative 

embodiments include use of a single well plate as both the mother and daughter well plate. In 
such a case, the well plate into which the sample formulations are mixed will also serve as the 
well plate from which the coaling materials will be tested. Again, considerations of desired 
coating thickness, domain size and formulation of coating solutions will be included in 

20 determination of minimum volume of well size required. Additional embodiments of well plate 
apparatus design will be discussed further below. - . . , 

Auiomaiccl Dispensing of Candidate Coat Materials for Testin\^ 



25 well plate to a daughter well plate. A robotic dispenser (available commercially for example, 

from Hamilton Zinser Packard) { FIG. 2) is one such device. Robotic dispensers allow for rapid 
and automated dispensing of a specified quantity of a large number of samples. The well plate 
format to be used for the daughter well plate will also depend on the domain size requirement of 
the coating. For example, a 6-. 1 2-, 24-. 48-, 96-. or 384- well plate format are commercially 

30 available formats which can be used in the present invention with the commercially available 
robotic dispensers. The robotic dispenser will have a platform area upon which the substrate 
well plates reside (FIG. 2; "A"). 

Alternatively, in the case where a single well plate is used as both the mother and 
daughter weliplate, a robotic device can also be used for mixing as well as dispensing component 
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As used herein, a ''mother" well plate is defined as a source well plate. For example, a 25 
micron thick coating that is 1 cm" in domain size with a coating solution that is 50% solids, will 
require ( I cm" x 25 microns / 0.5) volume units or 0.0050 cc of solution. ''Domain size"' as used 



A disposable metering device can be used to dispense the formulations from a mother 
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materials for the sample coating formulation to be tested. Such a device could have multiple 
dispensing units 30 from which specific and precise amount of an individual component is 
dispensed into a single well. The sample solution can be dispensed using disposable pipette tips 
30b attached to the pipettors 30c. For example, a separate dispensing unit for each component 
5 can be used to dispense the appropriate amount of a respective component into a single sample 
well. Such a dispensing unit can be disposable which will allow rapid and accurate automation 
of the combinatorial method for formulating or synthesizing a new coating with elimination of 
holdup or contamination problems. Examples of disposable dispensing units include, 
polyethylene or other type of tubing and disposable pipette tips. 

10 

Allernative Designs of Multi-well Apparatus for Parallel Processing 

Alternative embodiments of well plate design include providing a two-piece coating well 
apparatus having at least a substrate portion 32 and a multi-well or sample-containing template 
34 which can be separated from one another (FIG. 4). Once leveled and dried, the coating 

15 material 36 is held by the substrate portion 32 of the assembly. This type of well plate assembly 
is designed such that the base substrate-portion (or bottom half of the assembly) 32 can be 
removed from the multi-well template portion 34 of the well plate assembly. Various 
embodiments of a well plate design having a removable bottom are contemplated and further 
described below. FIG, 5 shows an example of a multi-well plate depicting the array format 

20 useful in the invention. Coating material samples are placed within the apertured, multi-well 
template top 47. Such multi-well plates will form an array 41 or library tbrmat of the different 
formulations as discrete coaled areas 40 on a planar substrate sheet 42. A multi-well plate with a 
removable top or cover can also be used as a well plate assembly. An example of such a multi- 
well plate design is shown in FIG. 7. The well plate design can also include modifications to the 

25 well plate to prevent distribution of coating material onto the inner walls of the wells. For 

example, a release coating can be applied to the inner walls 43 of the wells to prevent any sample 
material from moving up and onto the well walls during application of a leveling force. 

An additional embodiment of the present invention includes multi-well plates designed to 
obtain flat coatings in all of the wells of assembly. Current commercially available multi-well 

30 plates have a flat-bottom surface for the entire plate. This results in an uneven distribution of 
sample material in the wells located along the perimeter of the multi-well plate 68 when current 
swing arm type of centrifuge rotors 70 are used to apply a leveling force. FIG. 6 shows an 
example of a modified multi-well plate designed to obtain flat coatings in all of the wells. Such 
a well plate will have a curved base plate 44 where the curvature of this base is parallel to the 
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circumference of the centrifuge rotor, or is curved so as to substantially match the curvature of 
the curvilinear path of the well plate during centrifugation. With a curved-bottom well plate 44, 
sample material or coating solutions in all of the wells, including perimeter wells 45, will be at 
the same distance from the spin axis of the centrifuge. Thus, coating material in all of the wells 
5 will have a flat distribution following centrifugation. The top view of such a multi-well plate can 
be as depicted in FIG. 5. A flexible substrate and apertured well plate may be employed to 
provide a curved configuration when mounted in a centrifuge. 

A specialized laminate well plate construction is also envisioned as an alternative 
embodiments of the present invention. FIG. 8 shows a cross sectional view of a representative 

10 laminate multi-well plate assembly. In one case, the assembly is made up of at least 4 layers and 
is shown in FIG.8. The top or first layer 46 corresponds to the multi-well or sample holding 
portion of the assembly. This layer need only be thick enough to provide a sufficient barrier 
between adjacent wells so that the dispensed coating material 50 does not cross contaminate 
adjacent samples. Where a very small amount of coating material 50 is to be tested, this layer 

15 need not be very thick and could be made of, for example, thin plastic, foam or paper with each 
well formed of holes placed in linear, multiple rows to form an array pattern. Preferably, the top 
layer will be about .01 to about I mm, or about 1 to about 10 mm, or about I to about 5 cm in 
height. This top layer 46 can be coated with a Pressure Sensitive Adhesive (PSA) (not shown) to 
attach it to the substrate layer 48. This will also help to seal the wells so that cross- 

20 contamination of sample coating material from one well does not mix with its neighbors. The 

second layer is the substrate layer 48 and can be formed of a variety of materials, such as plastic, 
polymeric resin or paper, so long as it will hold the sample coating material 50 in a flattened 
manner. The second layer will preferably be about 1 to about 100 microns, or about 1 to about 
1 0 mm, or about 1 to about 5 cm in thickness. The third layer is a Pressure Sensitive Adhesive 

25 layer (PSA) 52. The PSA layer 52 can be about 5 to about 30 fim , or about .005 to about .03 

mm, or about.0005 to about.003 cm in thickness depending upon the type of adhesive and degree 
of adhesion desired. The fourth layer is a liner 54 coated with a release layer such as silicone, 
which can be removed or peeled away from the PSA layer 52 leaving the adhesive on the bottom 
of the substrate layer as the new bottom layer. This type of multi-well plate design is suitable for 

30 example, where the stickiness or tackiness of a coating material is to be tested. In such a case, it- 
is desirable to have an array library which will remain stationary or adhere to a support surface 
by the PSA layer 52 while each individual coating sample is tested. Use of the PSA 52 on the 
layer 48 will allow the array library to remain stationary and not lift up during testing. 



9 



wo 01733211 



PCT/USOO/29854 



Leveling Force 

Once the different formulations are dispensed into a multi-well plate assembly 63, the 
coat formulations are made into flat coatings 64 within the wells by use of a leveling force. A 
^'leveling force" as used herein, is defined as any force sufficient to cause a sample or coat 
5 material to distribute evenly and flatly onto a substrate. A leveling force will also remove any 
residual air bubbles present within the sample coat formulation. A variety of leveling forces are 
contemplated for use in the present invention including, for example, use of centrifugal force, 
use of a vacuum or negative pressure force, use of an electrostatic force, or use of a magnetic 
force. In the case where magnetic leveling force is used, the test coat formulation will contain 

10 magnetic particles, powder, or a compound such as fenite, that is responsive to a magnetic force. 
Use of a leveling force need not be limited to single-coat assessments. Where the processing of a 
multi-layer construction of coat material is desired, a leveling force can be repeatedly applied 
following dispensing of individual layers of a coat to be tested. The final array obtained will be 
a planar sheet containing discrete areas in a grid format of multi-layer coat formulations. 

15 FIG. 1 1 shows an example of a centrifuge that can be used for applying a leveling force 

to a multi-well plate. Such swing arm-type centrifuges with multi-well plate holders (FIG. 12) 
are available commercially (for example, VWR Scientific, *^MicroPlus GH 3.8 rotor centrifuge). 
The rotor for use in such a centrifuge is designed so as to hold an even number of multi-well 
plate assemblies. The multi-well plate assemblies 68 are loaded into the rotor 70 in an upright or 

20 horizontal position. During cenlrifugation, the plates are directed into a vertical position which 
then levels or flattens the sample formulations onto the substrate layer. After the formulations 
are dispensed in a multi-well plate assembly,.the assembly is placed in a swing-arm centrifuge 
and the coatings arc spun at controlled speeds so as to form a flat coating within each well 64. 
For example, with a standard centrifuge, a 10-min. spin at 2000 rpm will be sufficient to evenly 

25 distribute the coat materials within each well. There is no loss of sample material with use of a 
swing-arm centrifuge. 

Additional methods of casting sample coat formulations include those which can also 
simultaneously dry the coating material during casting. For example, a centrifuge which has 
been modified to hold circulating hot air or other gas which will aid in the evaporation of carrier 

30 solvents in the coating formulations is also contemplated for use in the present invention and is 
diagrammed schematically in FIG. 9. The hot air 66 circulating over the formulations during 
centrifijgation aids in the drying of the coating by evaporation of volatiles or solvents. As with a 
centrifuge, devices used to provide alternative methods of applying a leveling force can also be 
modified so as to simultaneously dry the coat formulations. For example, an apparatus utilizing 
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a vacuum or electrostatic force as the leveling force can be modified to circulate hot air and 
include alternate arrangements for drying. 

High Throughput Analysis, Data Storage. Data Modeling and New Materials Discovery 

The above methods provide an array 40 of coating materials with each site in the grid 
array containing a coat material having a known parameter which differs from parameter values 
of the materials contained on the other sites (FIG 1 ; step 16). With this array, the plurality of 
coating materials can each be tested for performance of each coating. Because the parameter 
value of the coating contained at each site is known, the value of a parameter associated with a 
desired performance of a coating can be determined. All information obtained by this high 
throughput analysis screening a coat material library are then entered into a database. From this 
database identification of the most successful new coat materials and the parameters and 
descriptors used to produce them is achieved (FIG. 1, step 23). Such a database will also serve 
as a storage librar>' to aid in the fonnulation of future parameters to characterize the coatings. 

Example I 

This example demonstrates the use of a multi-well plate combined with a centrifugal 
leveling force for estimation of coat weight of a sample coat material formulation. This example 
is intended to be representative of one embodiment of the invention, and not intended as limiting 
the scope of the invention. 

The emulsion polymer formulation used was S-2000. S-2000 is a nondispersable 
emulsion acrylic polymer manufactured by Avery Dennison Corporation, Pasadena CA in 
accordance with U.S. Patent No. 5,221,706. A 96-welI plate obtained from Polytronics was 
used as a daughter well plate. The well plate remained flat during centrifugation. Each well 
contained an equivalent sample material formulation for determination of coat weight. 

Diameter of each well = 0.6 cm 

Cross-section of each well = 3. 1 4 x 0.6 cm2 = 1 .884 cm2 
Weight of coat material in E7 position of array = 0.0153 gm 
Wet coat weight in E7 = 0.01 53/.000 1884 = 81 .21 gsm 

% solids in wet solution = 52.1% 
Dry coat weight in E7 = 42.3 gsm 
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Results: 

The emulsion did not dry fast and remained opaque. Hence the need for higher 
temperature drying. Material in wells located on the perimeter wells did not level evenly. Coat 
material dispensed into the center wells were centered and evenly flattened in the horizontal 
direction. The uneven leveling observed in the perimeter wells is believed to be a result of the 
centrifugal force acting at an angle to the bottom of the well, unlike the preferred flexible 
configuration of Fig. 6. 

This example demonstrates the utility of using a multi-well plate combined with a 
leveling force for high-throughput analysis of specific parameters or characteristics of coat 
material formulations in an individualized manner. 

The invention has been described with reference to various specific and preferred 
embodiments and techniques. Howeven it should be understood that many variations and 
modifications may be made while remaining within the spirit and scope of the invention 
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CLAIMS 

1 . A method for efficiently preparing a large number of sample coatings comprising 
the steps of: 

(a) forming a series of sample receptacles or wells by providing a flexible 

5 substrate and an overlying apertured sheet with the apertured sheet in tight sealing engagement 
with the substrate; 

(b) applying different samples of material in liquid form into said receptacles; 

(c) placing said flexible substrates with said sample receptacles thereon in a 

centrifuge; 

activating said centrifuge with said receptacle mounted therein to flatten 
out the sample material in said receptacles, with the centrifugal force acting perpendicular to the 
bottom of the receptacles; 

(e) drying said samples while they are within the centrifuge; and 

(f) removing the apertured plate to leave the samples exposed on said 

1 5 substrate. 

2. A method as defined in claim 1 wherein said applying step involves the 
application of various adhesive compositions into said receptacles or wells, 

^- A method as defined in claim 1 wherein multilayer samples are formed by 
repeating steps (b) through (e) prior to step (0. • . - ^ 

4. A method as defined in claim 1 wherein an array of at least four wells are formed. 

5. A method as defined in claim 1 wherein hot air is applied to the samples during 
25 centrifugation. 

6. A method as defined in claim 1 wherein said substrate is formed of paper. 

7. A method of forming a test coating comprising the steps of: 

30 forming a receptacle for receiving a material sample, said receptacle having a flat bottom 

and enclosing sides: 

depositing a fluid material sample in said receptacle; 



13 



FROM OPPENHEIMER - LA. 

force being perpendicular lo the boitomof said receptacle; 
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acnvatos said c«,rtfu8. „ ,.„ ^ 

I ,e«p,ac,„; °' ■"' in,o 

drying said samples; and 

.5 "^"""^ «• --a. samples Lia 

.aid « , * """"^ " "'"^ ' '""■"""e «=p of applying f„„ ,„ 

10. A „.,hod of tedng coatog c„,„p,,si„g ,ta steps of 

well va„i„, ' """'^ in coafe, 

drying said coating materials; and 
the resultant coatings. 

Hcxibl. subsotute a„d a na.ibl. ovcrlyinj ap.rt„,ad she. 
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12. method of claim 10 including the of^ heating said coat"c 
materials while said centrifuge is activated. 

13. A method of analyzing coating materials for perfoimance of the coating 
with regard to a property of a coating, comprising: 

5 providing an array of coating wells, each well being configuRd for 

receiving a coating material having a known parameter; said array of coating wells 
comprising a substrate and an overlying apertured sheet: 

placing a coaling material having the known parameter in each coating 
well, varying the parameter so as to provide a plurality of coating materials having 
10 different parameter values in a plurality of coating wells; 

correlating the value of the parameter for the coatings deposited in each 
of the plurality of coating wells with the position of the coating well in the arrav. 
whereby a parameter value is a.ssociated with each coating well position in the array; 
drying said coating samples; and 

testing ti« coalings in the array to analyze the relationship between the 
position in the array and performance with regard to the property of the coating material; 

whereby ihe value of the parameter can be correlated to the performance 
of the coating with regard to ihc property of the aoatiua. 

1 4. The method of claim 13, further comprising the steps of: 
providing a coating well apparatus haying at ica.st a substrate part and a 

well wall part wliich can be separated; . • 

separating the well wall part from-the substrate part after drying, whereby 
the coating material array is carried by the substrate alone aAer separation. 

15. Tlic method of claim 13. wherein die well depUi and volume is 
25 substantially greater than that of the coating volume. 

16. A method of analy^jng coating materials for performance of the coating 
with regard to a property of a coating, comprising: 

providing an airay of coating wells, each well being configured for 
receiving a coating material having a knovyn parameter; 
-•'0 placing a coating material having the known parameter in each coating 

well, varying the pararreter so as to provide a plurality of coating materials having 
different parameter values in a plurality of coating wells; 

15 
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correlatuig the value of th« parameter for ih« ro-^- , ' ^UUI 
r i. , , p««inci«.r lor ihe coatings deposited in each 

of the plurality of coatine wells with • ■ . 

whereby a parameter value is associated with each coating well posi.ot. in the a.ay ■ 

5 coati t - ' """^'"'^ '° "^^'^ °^ wells to level the 

:> coating material in the coaling wells; 

curing said coating san,ples under said coating leveling force- and 
testmg the coatangs in the array to analyze the relatioraship between the 
Pos.on . the a.ay .d performance with regard to .he property of the coating .atj 

10 ofth • "'^^^^"'^'^'^^^'•^""'^^''-'^"-lated to the performance 
10 ofthecatmgwithregardtothepropertyofthecoatin. 

g 17. The rneihod of claim 16, funhcr comprising the steps of- 

well apparatus having at least a substrate part and a 
well wall part which can be separated; 

15 the levelin. f ^'^^ -^--tc part after application of 

18. The method of claxm 10, further cUprising the steps of- 

curvatur. '^^^""'^ *° substantially match the 

curvature of the curvilinear path of the aixay during ccnf ifuging. 
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ABSTRACT 

A combinatorial, high-throughput screening method is described for developing new coatings 
having a desired performance characteristic of a coating property which results in a 
substantial increase in the discovery rate of new coating materials. The method includes the 
steps of providing an array of wells (18) for receiving candidate coating materials have a 
known parameter, placing coating materials in each well (16) while varying the coating 
material parameter, correlating the coating material position in the array to the variation of 
the coating material parameter; applying a coating leveling force to and optionally drying the 
coating materials in the array of coating wells (19); testing the coatings with regard to the 
desired performance characteristic (21) and correlating the result of the test to the well 
position in the array that thereby coating materials having the desired performance 
characteristic may be discovered. 
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